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50% diameter reduction on angiography and include
occluded segments in the analysis. Such an approach
might skew objective appreciation of the clinical value of
the PSV ratio, and it results in falsely elevated Kappa (κ)
values.
The behavior of the PSV ratio in the vicinity of the
cutoff value is especially important, because inaccuracy
might result in the need for additional diagnostic tests.
Although most categoric studies in the literature focus on
a PSV ratio of 2.0 as a means of differentiating between
stenoses with less or greater than 50% diameter reduction,
some recommend the use of higher PSV ratios.1,5-7 If a
high specificity of the test is required, as is preferred in
candidates for operative procedures, some studies advo-
cate the use of a cutoff level of 3.0.5,7,8 In our clinic, a PSV
ratio of 2.5 is used to differentiate between diameter
reductions of more or less than 50%.
The current study was undertaken to determine the
interobserver variation of duplex scanning in aortoiliac
and femoropopliteal arterial occlusive disease. Special
attention was paid to the analysis of stenoses with border-
line hemodynamic significance.
PATIENTS AND METHODS
The study consisted of two aortoiliac and one
femoropopliteal interobserver series. Sixty-one consecu-
tive patients who visited our vascular laboratory for exam-
ination of the aortoiliac arteries, femoropopliteal arteries,
or both by means of color-coded duplex ultrasonography
were included. The diagnostic requests were either for
newly diagnosed PAOD (n = 46) or for follow-up after
Aortoiliac and femoropopliteal duplex scanning
became well established as a diagnostic tool for assessing
the arteries in patients with peripheral arterial occlusive
disease (PAOD). The use of this noninvasive technique
has diminished the need for diagnostic angiography. The
most important diagnostic parameter to judge the severity
of a stenosis is the peak systolic velocity (PSV) ratio. The
PSV ratio has proved to be useful and simple.
The sensitivity and specificity rates for detection of a
stenosis of 50% diameter reduction or greater were shown
by means of a meta-analysis to be 86% and 97%, respec-
tively, for the aortoiliac tract and 80% and 96%, respec-
tively, for the femoropopliteal arteries.1 Although these
results are good, perfect agreement is partially limited by
interobserver variation of both duplex scanning and
angiography.
For clinical decision making, the measurement of the
PSV ratio in the aortoiliac and femoropopliteal arteries
should be accurate and have a low interobserver variation,
especially in patients with lesions of borderline hemody-
namic significance. Limited data are available about inter-
observer variation of the PSV ratio.2-4 Most of the studies
focus on a categoric analysis around the cutoff value of
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Purpose: The interobserver variability of aortoiliac and femoropopliteal duplex scanning in peripheral arterial occlusive
disease was assessed.
Methods: Two experienced, independent vascular technologists investigated in random order 61 consecutive patients sent
to the vascular laboratory for investigation of the aortoiliac or femoropopliteal arteries. In each aortoiliac vessel seg-
ment, the proximal, mid, and distal peak systolic velocities (PSVs) were measured, and corresponding PSV ratios were
calculated. The superficial femoral artery was divided in 10-cm segments with a roll-centimeter taped from the upper
patella margin. Interclass correlation coefficients (ICCs) were calculated as a means of appreciating the measurement
variability of the PSV ratio values as a continuous variable and the Kappa value for the PSV ratio categories of less than
2.0, 2.0 through 3.0, more than 3.0, and occlusions.
Results: The overall ICC and Kappa values were 0.72 (95% CI, 0.63-0.79) and 0.53 for the aortoiliac tract and 0.85
(95% CI, 0.79-0.89) and 0.73 for the femoropopliteal tract. Agreement in the PSV ratio categories was 85% in the aor-
toiliac and 87% in the femoropopliteal tract. Interobserver variation increased markedly with increasing PSV ratio. In
the PSV ratio category between 2.0 to 3.0, indicating a borderline stenosis, a substantial disagreement was found (aor-
toiliac, 1 of 8 agreement; femoropopliteal, 2 of 8 agreement).
Conclusion: A moderate interobserver agreement was found in the duplex investigation of the aortoiliac and
femoropopliteal arteries. One should be aware of this in clinical decision making, especially in cases of borderline
stenoses. In these cases, repetition of the measurement or additional diagnostics is advocated. (J Vasc Surg
2001;33:540-5.)
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treatment (n = 15). Patients could have multilevel disease,
but patients with peripheral bypass grafts were not
included. The study was approved by the Medical Ethical
Committee, and informed consent was obtained.
We started a pilot series with five patients and two
observers (observer A and B) as a means of detecting prac-
tical problems in the research protocol. No major adjust-
ments were made, and these measurements were not
included in the final analysis. After the pilot series, the
same two observers measured 25 aortoiliac and 26
femoropopliteal tracts in 31 patients. After analysis of this
first series, comparing the findings of observers A and B,
we started a second aortoiliac series. Another 30 consecu-
tive patients were examined. In this latter series, the find-
ings of a third experienced vascular technologist (observer
C) were compared with those of observer A. The experi-
ence of the technologists encompassed a period of 2 years
(observer B) or more than 7 years (observers A and C) of
performing approximately three aortoiliac or femoro-
popliteal investigations daily, in which color flow and
Doppler velocity measurements and other arterial and
venous examinations are performed routinely.
Each patient was, after a minimum of 10 minutes of
rest, examined sequentially by one of two vascular tech-
nologists in random order. The vascular technologists
were carefully kept fully unaware of the result of each
other’s measurements. Between both observations, the
machine was reset, and tape and gel were removed. The
observers were asked to perform the measurements in 
the manner to which they were used and were free to
adjust every parameter of the machine, when they thought
this was necessary to ensure a natural measurement rou-
tine. Patients were examined in the supine position, except
when the popliteal artery, which was examined in the lat-
eral decubitus position, was examined. A Hewlett-Packard
Sonos 2000 machine equipped with 3.5- or 4.5-MHz lin-
ear or convex array transducer was used in all examinations
(Agilent Technologies, Andover, Mass).
In the assessment of a vessel of interest, first the vessel
was found in B-mode. Then, paying special attention to
the color, the whole vessel was scanned in color-coded
duplex. Areas suspected to have diameter reduction were
recognized by means of detection of a higher blood veloc-
ity, seen as a shift in the color representing the blood flow
on the computer screen. If no lesion was present in the
vessel segment, 1 proximal, mid, and distal Doppler mea-
surement was made.
Aortoiliac duplex scans were performed on both sides,
whereas femoropopliteal duplex scans were only per-
formed on the symptomatic side, because the examination
of asymptomatic vessels did not seem relevant and would
bias (ie, increase) the agreement measured. Bilateral iliac
examination is a routine procedure in our vascular labora-
tory, because in case of a subsequent endovascular inter-
vention the radiologist will be maximally informed of the
preferred catheterization route. The measured arterial
tract was divided in 10 segments for which the PSV ratios
were obtained. With the exception of the superficial
femoral artery, the divisions were made by means of their
natural bifurcations: infrarenal aorta (IA), common iliac
artery (CIA), external iliac artery (EIA), common femoral
artery (CFA), profunda femoris artery (PFA), very proxi-
Fig 1. Interobserver variability of PSV ratio measurements of aortoiliac arteries by observers A and B according to Bland and Altman.
Ninety-five percent limits of agreement and mean difference lines are drawn in plot. The difference between two PSV ratio measure-
ments from both observers is denoted on vertical axis; the mean of two PSV registrations is denoted on horizontal axis. PSV, Peak sys-
tolic velocity.
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mal superficial femoral artery (SFA1, 30 cm+), proximal
superficial femoral artery (SFA2, 30-20 cm), middle
superficial femoral artery (SFA3, 20-10 cm), distal super-
ficial femoral artery (SFA4, 10-0 cm), and popliteal artery.
The SFA segments were measured along a roll-
centimeter taped from the superior margin of the patella up
to the common femoral artery. The length of the SFA
made us divide the artery in arbitrary segments of 10 cm
each. If a stenosis was localized at the border of this artifi-
cial segmentation, the PSV ratio had to be calculated 
manually. This means we had to use a PSV from the neigh-
boring segment, which led in some cases to the exclusion
of this neighboring segment to include a PSV ratio in a
stenosis of the SFA. PSV ratios were computed for each
segment by automatically dividing the highest PSV by the
lowest PSV in the same segment. In some patients, it was
impossible to obtain SFA1 data because of insufficient ves-
sel length.
Failure was defined as not being able to obtain two or
more PSV measurements in a vascular segment. This is
most often encountered in segments with extensive calci-
fications and abdominal gas formation and in adipose
patients. These segments are reported in the results as
missing. Occluded segments were excluded from the con-
tinuous analysis, but included in the categoric analysis.
Although also subject to interobserver variation, dilated
segments were excluded from analysis because they might
result in falsely elevated PSV ratios that do not reflect a
stenosis. If one observer failed in producing a proper PSV
ratio in a specific segment, the observations of both
observers were ignored.
PSV ratio measurements were compared as continu-
ous variables, and the variability was judged by means of a
calculation of the interclass correlation coefficient (ICC)
and by means of presentation in a scatter plot, as described
by Bland and Altman. Additional analysis was done by
means of cross tabulation and calculation of the κ value to
compare our results with existing literature data.
The main tool for continuous analysis, is the scatter
plot, as described by Bland and Altman.9,10 This plot rep-
resents the difference between the PSV ratios of both
observers on the vertical axis and the average PSV ratio of
the same observers on the horizontal axis. For the predic-
tion of the possible range of differences for a given PSV
ratio measurement, 95% limits of agreement are calculated
to be 1.96 SD of the mean difference. If the differences
are not normally distributed, a log transformation should
be applied before the 95% limits of agreement may be cal-
culated.9 The 95% limits of agreement are defined as the
coefficients of repeatability by the British Standard
Institution.11 The mean difference from the average is
used as an estimation of the true value of the PSV ratio.
When there is a systematic bias, the mean difference line
will not run through zero.
For categoric analysis, cross tabulations were used as a
means of highlighting the data spread around the cutoff
values. Three categories of PSV ratios were made to
include the most commonly used cutoff values1: less than
2.0, 2.0 through 3.0, and more than 3.0. A fourth and fifth
category were added as a means of presenting the number
of occlusions and missing values. The κ coefficient leaves
out agreement by chance, but is sensitive to the number of
Fig 2. Interobserver variability of PSV ratio measurements of aortoiliac arteries by observers A and C according to Bland and Altman.
Ninety-five percent limits of agreement and mean difference lines are drawn in plot. Difference between two PSV ratio measurements from
both observers is denoted on vertical axis; the mean of two PSV registrations is denoted on horizontal axis. PSV, Peak systolic velocity.
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categories used. Therefore, the κ coefficient was calculated
with the first three categories to prevent κ from devalua-
tion by categories outside the aim of this study.
As was described by Fleiss and Cohen,11 the ICC is a
mathematical analog of k. Therefore, we can also use the
guidelines for interpretation of the κ value for the inter-
pretation of the ICC. All possible outcomes can be fitted
in this interpretation: “poor” (–1 to 0), “slight” (0-0.20),
“fair” (0.21-0.40), “moderate” (0.41-0.60), “good”
(0.61-0.80), and “almost perfect” (0.81-1.00).13 SPSS
8.0 for Windows was the software used for statistical
analysis (SPSS, Inc, Chicago, Ill).
RESULTS
Observers A and B measured 125 segments in 25
patients in the first aortoiliac series. In the second aortoil-
iac series, observers A and C examined 150 segments in 23
patients. In the femoropopliteal series, observers A and B
examined 182 segments in 23 patients. Three patients
underwent bilateral examination. In these 3 series, 6, 2,
and 5 segments, respectively, were excluded because of
dilatation.
Table I shows the results of analysis of the PSV ratio as
a continuous variable. The ICC in the first aortoiliac series
(A vs B) shows only moderate agreement; the second aor-
toiliac series (A vs C) shows good agreement. In the
femoropopliteal series, a very good agreement was found.
Analysis of the differences between the PSV ratios of
the observers showed absence of normal distribution. A
logarithmic transformation was applied on PSV ratios,
thus gaining a normal distribution, which is useful for
analysis. Figs 1 through 3 show plots according to Bland
and Altman. The 95% limits of agreement are shown as
straight divergent lines. The divergence is caused by an
increase of the difference between the observers, with
increasing severity of the stenosis. From the plots, it can be
seen that there is an impressive interobserver variation in
the range of high PSV ratios. The mean difference
between the observers is shown as straight horizontal lines
that run close to the horizontal x-axis in all figures, indi-
cating there was no systematic difference.
The data of the categoric analysis are shown in Tables
II, III, and IV. These tables also show the number of
occluded segments and missing values. For the three cate-
Fig 3. Interobserver variability of PSV ratio measurements of femoropopliteal arteries by observers A and B according to Bland and
Altman. Ninety-five percent limits of agreement and mean difference lines are drawn in plot. Difference between two PSV ratio mea-
surements from both observers is denoted on vertical axis; the mean of two PSV registrations is denoted on horizontal axis.
Table I. Intraclass correlation coefficients and κ values
Segments ICC* 95% CI of ICC Mean difference* κ
Aortoiliac (observer A vs B) 102 0.51 0.35-0.64 –0.0525 0.43
Aortoiliac (observer A vs C) 133 0.72 0.63-0.79 –0.00044 0.53
Femoropopliteal 150 0.85 0.79-0.89 –0.0273 0.73
*Computed after log transformation.
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gories of PSV ratios, the observers agreed in 84 (82%) of
102 segments in the first aortoiliac series, in 113 (85%) of
133 segments in the second aortoiliac series, and in 130
(87%) of 150 segments in the femoropopliteal series. The
κ values for the three categories of PSV ratios are pre-
sented in Table I. The interpretation of the κ value leads
to the same amount of agreement as the ICC, except for
the femoropopliteal series, which now shows a good
agreement.
In the cross-tables, a substantial disagreement in the
judgment of lesions can be seen with a PSV of 2.0 to 3.0.
In the first aortoiliac series, there was agreement in only
one of eight patients (Table II), which is in accordance
with the results for the same category in Table III. The
femoropopliteal series shows only slightly better results.
DISCUSSION
Duplex scanning has enabled measurement of PSV
ratios in both aortoiliac and femoropopliteal arteries. Its
easy applicability, noninvasiveness, and results comparable
with those of angiography,5,13 make duplex scanning the
diagnostic tool of first choice in assessing PAOD. From
this, it follows that the reproducibility of PSV ratio mea-
surements for different observers is important in the eval-
uation of the clinical reliability of duplex scanning.
In general, sources of interobserver variation are
intrinsic to the part of anatomy being studied, differences
originating from different measuring methods of the
observers, changes in the object studied between repeated
measurements, and variability attributable to the machin-
ery used.
Visualization and Doppler sampling of the iliac vessels
are difficult because of their deep abdominal location and
angular course. Abdominal gas formations and bowel
movement, especially in obese patients, aggravate the
measuring difficulties. The femoropopliteal arteries lie rel-
atively superficial, perhaps leading to the higher ICC and
κ values as compared with those of the aortoiliac arteries.
Equipment-related factors are said to contribute to
approximately one third of the interobserver variability
found.2 Because both observers used the same machine,
error in measurement originating from equipment was
Table II. Cross tabulation of PSV ratios for observers A and B in aortoiliac segments
PSV ratios observer B
< 2.0 2.0-3.0 > 3.0 Occl Total
PSV ratios observer A < 2.0 80 5 2 87
2.0 to 3.0 7 1 8
> 3.0 2 2 3 7
Occl 1 4 5
Total 89 8 6 4 107
Occl, Number of occluded segments; Total, total number of measured segments in a PSV ratio category.
Table III. Cross tabulation of PSV ratios for observers A and C in aortoiliac segments
PSV ratios observer C
< 2.0 2.0-3.0 > 3.0 Occl Total
PSV ratios observer A < 2.0 104 5 2 111
2.0-3.0 9 2 2 13
> 3.0 1 1 7 9
Occl 1 4 5
Total 114 8 12 4 138
Occl, Number of occluded segments; Total, total number of measured segments in a PSV ratio category.
Table IV. Cross tabulation of PSV ratios for observer A and B in femoropopliteal segments
PSV ratios observer B
< 2.0 2.0-3.0 > 3.0 Occl Total
PSV ratios observer A < 2.0 114 4 118
2.0-3.0 8 6 4 1 19
> 3.0 1 3 10 14
Occl 1 19 20
Total 123 13 15 20 171
Occl, Number of occluded segments; Total, total number of measured segments in a PSV ratio category.
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distributed evenly among all measured segments; this is
supported by the mean difference line in Figs 1, 2, and 3.
Color-coded duplex scanning, which is said to improve
diagnostic performance, probably lessened the effect of
equipment-related variation.6
The κ and ICC values for the aortoiliac series repre-
sent moderate agreement. The second aortoiliac series was
performed because of the somewhat disappointing result
in comparison with the femoropopliteal series. The second
series, however, showed approximately the same ICC and
κ values. A high interobserver variation was suggested by
means of Bland and Altman plots, but no systematic dif-
ferences between the observers were found. Also, the dif-
ferences tend to increase as the PSV ratio increases. This
corresponds with the findings of Winter-Warnars et al4
and should probably be attributed to a poststenotic tur-
bulent flow jet in the blood with variable high velocities.
The increasing difference implicates that lower PSV ratios
are better able to reproduce than higher PSV ratios, which
can be deducted from Figs 1 and 2. The lesser aortoiliac
agreement of the first pair of observers, as compared with
the second pair of observers, might be caused by a differ-
ent amount of experience. The κ value was markedly low
in the PSV ratio range of 2.0 to 3.0. This narrow range
may exaggerate the interobserver disagreement found
because of the variability of both the nominator and
denominator. This holds only for the categoric analysis
and not for the continuous analysis. The κ and ICC values
for the femoropopliteal series showed good agreement,
but still a considerable spread of differences.
To relate the PSV ratio to clinical decision making, we
need a useful threshold value to assess the significance of a
stenosis. Several authors propose PSV ratios between 2.0
and 3.0 as cutoff values to distinguish between more or
less than 50% diameter reduction in the arterial lumen.1
De Smet and Kitslaar7 compared duplex scanning with in
vasive femoral artery pressure measurements combined
with reactive hyperemia as the gold standard. A cutoff
value of 2.0 corresponds with high sensitivity, and a
threshold value set at 3.0 corresponds with high speci-
ficity. In diagnosing femoropopliteal stenosis, Leng et al8
had the same results for femoropopliteal PSV ratio mea-
surements with femoropopliteal angiography as the gold
standard.
From this study, we conclude that, in the range
around the cutoff values, considerable interobserver vari-
ability is shown by means of duplex scanning. This might
result in inaccurate clinical decision making. Inter-
pretation of duplex scanning by vascular technologists is
not rigidly bound to the PSV ratio. Finding different
ratios can lead to the same conclusion and treatment and
vice versa. A simple method of boosting reliability is hav-
ing a site of suspected stenosis scanned for a second time
by a second observer and taking an average PSV ratio.
This is based on the theoretical principle that repeated
measurements are a means of improving the accuracy of a
measurement. If a better description of a certain stenosis
is needed, additional angiography and, ultimately, interar-
terial pressure measurements must be considered.
However, evidence is growing that duplex investigation of
carotid, aortoiliac, and femoropopliteal arteries can reduce
the need for invasive diagnostic angiographic investiga-
tions.14,15 Further investigation is needed on this subject.
We thank vascular technologists J. van Gurp, H. de
Vos, and L. Nagel for performing all measurements.
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